SUMMARY The anthropometric progress of seven infants was followed throughout their first year of life. Weight, length, mid upper arm circumference, triceps and subscapular skinfold thicknesses were measured on a mean (SD) of 30 (6) A set of centiles that allows a comparison of several measurements is that derived from the data of an infant growth study in Cambridge, United Kingdom.10-2 The centiles cover weight, length, mid upper arm and head circumference, and triceps and subscapular skinfold thicknesses. They are constructed using the LMS method, which gives smooth centile curves while adjusting for skewness thus permitting skewed data (such as weight or skinfold thickness) to be presented in SD form.13 14 The method also allows the conversion of SD scores directly into centile values using normal distribution tables. An SD (or Z) score of, for example, an infant's weight at a given age, expresses weight relative to the population mean in the form of a normally distributed variable that has a mean of zero and an SD of one. An SD score can be positive or negative, depending on whether the weight is above or below the mean, and an infant growing along the 50th centile will, on an SD score graph, appear on the horizontal line corresponding to zero. The range of values can be set as required, but the range of normal is conventionally from -2 SD to +2 SD. The use of SD scores is in line with the WHO recommendations7 15 and using these centiles 1559 group.bmj.com on June 21, 2017 -Published by http://adc.bmj.com/ Downloaded from
The effect of acute infection on growth has been widely studied, predominantly in third world countries. In Mexico' and Guatemala2 the infective causes of weight loss were diarrhoea, dysentery, and bronchopneumonia. In rural Gambia they were gastroenteritis and malaria,3 4 and in Uganda they were gastroenteritis and measles.4 A recent study from urban Gambia again identified diarrhoea and also lower respiratory tract infection.5
Such studies have traditionally relied upon mean weight deficit calculated by regression analysis to quantify the effects of infection, showing reductions in weight gain of as much as 746 g/month3 or 22 g/day for the various infections.5
An alternative approach is to express weight, and any other available anthropometric measurements, as standard deviation (SD) scores adjusted for age. The graphical presentation of such information has, however, always been limited by an inability to provide a comprehensive anthropometric picture of an individual subject without recourse to five or six separate centile charts.
There is also the question of the appropriateness of the standards used. In adopting the National Center for Health Statistics (NCHS) growth curves6 as their international standard, the World Health Organisation (WHO) defined their standards for body weight, length, and head circumference.7 The values that they chose for mid upper arm circumference were based on the data of Wolanski.8 There were no values adopted for skinfold thickness. In the United Kingdom the most accessible skinfold values are those of Tanner and Whitehouse.9 The data for all these standards were collected between 15 and (in the case of the NCHS values for infants) 59 years ago. These standards are taken from different populations and their use to provide a composite set of multiple anthropometric measurements for an individual subject is of doubtful value.
A set of centiles that allows a comparison of several measurements is that derived from the data of an infant growth study in Cambridge, United Kingdom.10-2 The centiles cover weight, length, mid upper arm and head circumference, and triceps and subscapular skinfold thicknesses. They are constructed using the LMS method, which gives smooth centile curves while adjusting for skewness thus permitting skewed data (such as weight or skinfold thickness) to be presented in SD form.13 14 The method also allows the conversion of SD scores directly into centile values using normal distribution tables. An SD (or Z) score of, for example, an infant's weight at a given age, expresses weight relative to the population mean in the form of a normally distributed variable that has a mean of zero and an SD of one. An SD score can be positive or negative, depending on whether the weight is above or below the mean, and an infant growing along the 50th centile will, on an SD score graph, appear on the horizontal line corresponding to zero. The range of values can be set as required, but the range of normal is conventionally from -2 SD to +2 SD. The use of SD scores is in line with the WHO recommendations7 15 and using these centiles it is possible to construct, on one graph, a set of SD scores for multiple measurements, which permit all a child's anthropometric measurements and the factors affecting them to be viewed at once.
In the present study we prospectively followed seven infants through their first year of life to identify those factors affecting their growth such as frequent acute infection-and to assess SD score graphs of multiple measurements as a means of presenting a comprehensive anthropometric picture of individual infants.
Subjects and methods
The study took place in the village of Keneba, which is in the Kiang West district of The Gambia, West Africa. It is a rural subsistence farming community and has been the site of a nutritional field station for 15 years. It has a population of 1250 and the community has previously been described in detail. '6 11 Seven sequential births from the village were recruited to a study'8 of which this formed one part. The study lasted for the first year of the infants' The illnesses from which the infants suffered were divided into 11 diagnostic groups (table). These patterns of morbidity, which are extreme, produced a mean (SD) period of acute illness of 75 (29) days/infant. The mean duration of an episode of illness was 5*7 (2.4) days.
The infants had all five anthropometric measurements made on a mean of 30 (6) occasions, with weight alone being measured on a further 6 (2) occasions. The mean interval between weights used for the calculation of weight gain was 10 (7) days.
The effects of infection calculated by regression analysis were significant for three illnesses: diarrhoea and vomiting, pneumonia, and diarrhoea. Falls in weight gain were respectively: 33 g/day (p<001), 32 g/day (p<0.01), and 34 g/day (p<005). Despite the significance of the difference from when they were well, they were not significantly different from one another. The growth rate increments for convalescence and 'well', expressed as positive increments compared with when ill, were 20 g/day (p<0001) and 16 g/day (p<0-01), respectively. Again, despite their significant differences from when ill, they were not significantly different from each other.
The In all the infants the graphs identify not only the effects of illness but also a steady fall in the SD score for weight from about 15 weeks of age. As all the infants except case 5 maintained their growth in length, this represents wasting. With his steady fall off in both weight and length, case 5 shows evidence of stunting, a feature of growth that is, in Keneba, more normally seen after infancy.
The size of the weight deficit over infancy is calculable. Using the figures for 'convalescence/ well' it is possible to calculate the mean weight deficit in the seven infants caused by acute infection, and thus the weight deficit from other causes. The infants were acutely unwell for 20% of the time, convalescent for 34% of the time, and well for 46% of the time. The deficit for acute illness is: 16 g/dayxO-2=3-2 g/day. Had the infants never been acutely unwell they would never have been convalescent so this figure of 3-2 g/day has to have subtracted from it the difference between being well and being convalescent: (20-16)xO.34=1.4 g/day. This produces an overall figure of 1-8 g/day weight deficit as a result of infection, which produces a total of almost 700 g over the first year of life.
The mean weight deficit at 12 months, measured from the Cambridge growth curve 50th centile for weight, was 1200 g. The 700 g deficit calculable as a result of infection represents 58% of this total leaving 42% (500 g) of the weight deficit resulting from other causes. This figure of 500 g corresponds to the slow fall in the SD score of weight seen in the graphs.
A similar picture of weight loss was found by Rowland et al working in Bakau, an urban community on The Gambia's Atlantic coast.5 Using as their standard the NCHS growth curves6 they found an illness related weight deficit of 900 g at 12 months, broadly similar to the 700 g that we found. Their total weight deficit was, however, only a further 300 g, whereas the corresponding Keneba value, having allowed for the 400 g difference between the means of the two standards, is a further 900 g; this is three times the Bakau figure. SD score graphs provide a powerful method of identifying and highlighting problems with growth resulting from, in this case, the effects of infection and undernutrition. This has not previously been possible because of the lack of an adequate multimeasurement standard. These effects are statistically calculable within the group, but when considering an individual subject the use of SD score graphs permits both the time scale and the accurate progress of an individual subject to be clearly seen. Moreover the curves permit simultaneous comparison across five different anthropometric measurements and the demonstration of the effects of those illnesses that cause growth faltering in an individual subject but do not achieve significance within the group. Although applied here to the acute and chronic problems of infants in the third world, these graphs could equally well be used to record the anthropometric progress of any child suffering from any acute (for example, infective) or chronic (for example, coeliac disease) condition. 
